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electrodes were washed using ethanol, de-ionized water, and Milli-Q water, then oven 63 dried; they were cooled for 5 min prior to voltammetric studies. 64
Electrolyses were conducted potentiostatically using a Princeton Applied Research 65
Model 273A potentiostat/galvanostat (Gamble Technologies Limited, Mississauga, ON). 66
Solutions were electrolyzed open to the air, except that argon was bubbled through those 67 that had been previously dried in vacuum. Reactions were conducted using graphite or 68 
82
Qualitative analysis: Silver was identified by dissolving the deposit in nitric acid and 83 adding chloride to give a photosensitive precipitate. Copper was identified through its 84 inability to dissolve in non-reducing acids (sulfuric acid, hydrochloric acid) and its 85 solubility in nitric acid. Powder X-Ray diffraction using a 2-Theta goniometer 86 D r a f t absorption spectrometer (Mississauga, ON) using a copper metal hollow cathode lamp 92 and a calibration curve with copper (II) triflate. The samples run were prepared by taking 93 35 µL samples using a micropipette and dissolving them in water while stirring in a 5 mL 94 volumetric flask. Lead was analyzed gravimetrically by washing the deposits with 95 ethanol and water, followed by thorough drying. In later experiments, all metals were 96 analyzed in triplicate using optical detection ICP, using a Varian Vista-MPX CCD 97
Simultaneous ICP-OES with ICP Expert Software (Mulgrave Victoria, Australia). voltammetry at graphite showed a reversible reduction peak near -0.2 V vs. Pt (which has 126 E = +0.7 vs SHE, and which was originally standardized vs SCE). The oxidation peak on 127 the reverse scan was seen near +0.07 V (Figure 2 ) with a larger current with onset > 1 V 128 due to oxidation of the water that was co-extracted into the IL (not shown). Cyclic 129 voltammograms also showed a noticeable change between the first and subsequent 130 cycles, possibly involving changes to the graphite surface during the oxidation step. Figure 2) . For this work 149 the potentiostatic method was more convenient, and assured that first order kinetics 150 would be followed. This avoided the issue of the competition between current controlledD r a f t saturation of ~10,000 ppm. The current density (reaction rate) increased significantly at 154 higher water content; the current efficiency was essentially quantitative, independently of 155 the water content (Table 1, entries 1, 3, and 4) . The systematic trend of >100% CE in 156 these experiments is almost certainly the result of experimental uncertainty, due to the 157 experimental difficulty of calibrating the voltammetric method of quantitative analysis 158 precisely. Later experiments were analyzed by ICP-OES, which gave more reproducible 159
results. 160
The initial relationship between accumulated charge and time was relatively 161 rapid, but then became linear (Figure 3 ). This was attributed to an initial deposition of 162 silver onto graphite, with subsequent deposition onto a rough silver surface. The current 163 density also increased at elevated temperature, as observed previously.
13 At 78°C with IL 164 as received (950 ppm water), the water content is recorded as "unknown" because the 165 experiment was carried out in an open beaker, so water evaporated as the electrolysis 166 progressed. Discolouration of the IL was observed above 78˚C, suggesting 167 decomposition. Although the cyclic voltammograms were run up to ~100°C, the 168 electrodepositions were not run beyond 78°C once this discolouration was noticed. In 169 addition, the inability to maintain a defined water concentration, because of evaporation 170 at this elevated temperature, made the results ambiguous. However, the lack of a strong 171 temperature effect was important for the proposed technology, because it rebutted any 172 suggestion that the waste stream should be heated before electrolysis. Specific energies 173 for silver deposition were approximately 3 kWh (kg Ag) -1 in repeated experiments at 174 ~10,000 ppm water, and double this at 78°C. 175
Later experiment employed Ebonex™ cathodes (a conductive ceramic of 176 approximate composition Ti 4 O 7 ).
14, 15 As at graphite, the silver deposit adhered poorly to 177 the cathode and was easily removed. In experiments analyzed by ICP, silver was 178 At Ebonex, copper deposition was observed visually upon electrolysis at -0.39 V, 212 but was less efficient at -1.02 V due to preferential reduction of water to H 2 (supported by 213 a large increase in current density when the solution was acidified). We cannot sayD r a f t conclusively whether the deposition observed at -0.39 V was due to 2-electron reductionin the somewhat aqueous medium. Evidence supporting the latter mechanism is that 217 initially no loss of copper from the solution, until 3 C of charge had passed (Figure 6) . 224
This suggests that that any Cu metal that is deposited redissolves through the "reverse 225 disproportionation" process -until the concentration of Cu(II) has become negligible. 226
The deposition of copper was faster (and continuous from time zero) at more cathodic 227
potentials, but the current efficiency was lower due to competing reduction of water. 228
When a solution of Cu(II) triflate was electrolyzed with sparging to remove water, 229 copper was lost from solution with 80% apparent current efficiency. However, this was 230 an artefact: the solution gradually became cloudy due to evaporation of water and 231 precipitation of Cu(II) triflate, which redissolved when water was re-added. 232
Unexpectedly, the copper particles formed by electrolysis gradually dissolved 233 when left in contact with the IL, with the smallest particles dissolving fastest. The 234 oxidation of Cu metal by O 2 is thermodynamically favourable; it appears to be kinetically 235 favourable in the ionic liquid, unlike in air or water, where it is so slow that copper is 236 regarded as stable in these media. Besides molecular O 2 from the atmosphere, oxidizing 237 species during the electrolysis include O 2 and hydroxyl radicals formed by the oxidation 238 of water at the anode (balancing the reduction of Cu(II) at the cathode). Deposition of 239 copper (or inhibition of redissolution) was mildly improved by excluding adventitious 240 oxygen, by carrying out the electrolyses under a blanket of argon, and by using the 241 dimensionally stable anode Ti/IrO 2 -Ta 2 O 5 to minimize the formation of hydroxyl 242 radicals. 17 The deposition of copper was very inefficient at elevated temperature, perhaps 243 because of faster re-dissolution, unlike the deposition of silver, which was almost 244 insensitive to temperature.
D r a f t

3.3
Lead 247 a principal voltammetric reduction peak at ~ -1.3 V vs. Pt (more negative than that for 249 silver or copper). However, the voltammograms changed in appearance with both water 250 concentration (Supplementary Figure 5) and time (Supplementary Figure 6) , showing 251 that the interaction between Pb 2+ and the IL is extremely complex. Hence the 252 voltammograms represent contributions from both free and probably multiple forms of 253 complexed lead cations. Most of the change occurred over ~ 2 h (the reduction peak near 254 -1.3 V shifted to less negative potentials by about 0.1 V, while the broader peak near -0.6 255 V gained in intensity). Consequently, we could neither prepare calibration curves by 256 voltammetry nor examine the effects of temperature and scan rate. 257
We suggest that aging caused a chemical change to the lead bis(trifluoroacetate) 258 solution, perhaps due to complexation of Pb 2+ with either the cation or more likely, the 259 anion of the ionic liquid. We attempted to study this phenomenon by 207 Pb NMR (spin 260 ±½, 22.6% natural abundance, receptivity 11.7× that of 13 C), which has a particularly 261 wide chemical shift range that is highly sensitive to both the number and type of atoms 262 that is coordinated to the lead centre. 18 Figure 7) . 286
Electrolyses were carried out using graphite and Ebonex cathodes. Figure 8) . 297
The current efficiency varied with both the water content and the aging of the 298 solutions being electrolyzed (Supplementary Table 2) . As with copper, the lead 299 precipitate redissolved when left in contact with the IL after electrolysis, and solubilized 300 completely within 24 h. Some of the smallest particles re-dissolved during the time that it 301 took to filter the larger particles. There is literature precedent for oxidation and 302 solubilization of metallic lead upon contact with oxygenated water through the historic 303 use of lead pipes for drinking water, though this process is very slow. Pt, a potential that was sufficiently cathodic for all three metals to be deposited (Figure  315 
8).
No attempt was made in this work to achieve electroseparation. 316 317
Conclusions 318
In this study, silver, copper, and lead were electrodeposited from a representative 319
IL, [EMIM][TFSI]. Current efficiencies approached 100% under potentiostatic 320
conditions at which water reduction was minimized. Otherwise, the presence of water 321
was not disadvantageous to the process. 
